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‘Adverse immunologic effects

of antithyroid drugs | =
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Propylthiouracil and methimazole are frequent~
ly used in the management of hyperthyroidism.
Two patients in whom adverse immunologic
effects other than isolated agranulocytosis de-
veloped during treatment with propylthiouracil
are described. A review of the literature re-
vealed 53 similar cases over a 35-year period.
Rash, fever, arthralgias and granulocytopenia
were the most common manifestations. Vasculi-
‘tis, particularly with cutaneous manifestations,
.occurs and may be fatal. The clinical evidence
suggests that an immunologic mechanism is
involved. A number of different autoantibodies
were reported, but antinuclear antibodies were
infrequent, and none of the cases met the crit-
eria for a diagnosis of systemic lupus ery-
thematosus. Thus, the reactions do not represent
a true drug-induced lupus syndrome. Current
hypotheses and experimental data regarding the
cause of the reactions are reviewed. No specific
clinical subgroup at high risk can be identified,
and manifestations may occur at any dosage and
at any time during therapy. Cross-reactivity
between the two antithyroid drugs can be ex-
pected. Except for minor symptoms (e.g., mild
arthralgias or transient rash), such reactions are
an ‘indication for withdrawal of the drug and the
use of alternative methods to control the hyper-
thyroidism. In rare cases of severe vasculitis a
short course of high-dose glucocorticoid therapy
may be helpful.

On utilise souvent le propylthiouracile et le
méthimazole dans le traitement de I'hyperthy-
roidie. Présentation de deux malades avant accu-
s€ lors d'un traitement au propylthiouracile des
effets immunologiques autres qu'une agranulo-
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cytose isolée. Une recherche bibliographique

décele 53 cas comparables répartis sur 35 ans.

Les symptoémes les plus fréquents sont les érup-
tions, la fievre, 'arthraigie et la granulocyto-
penie. La vasculite survient surtout en présence
d’une éruption; elle est parfois mortelle. Le tout
fait penser a un trouble immunologique. En
dépit de la démonstration de divers auto-anti-
corps, on trouve rarement des anticorps antinu-
cléaires; aucun de ces cas ne satisfait les criteres
du diagnostic d'un lupus érythémateux dissémi-
né. Aussi ne saurait-on parler ici d’'un syndrome
lupoide médicamenteux. Les auteurs passent en
revue les hypotheses actuelles et les données
expérimentales pertinentes a la cause de ces
réactions. On ne peut définir, parmi les hyper-
thyroidiens, un sous-groupe prédisposé aux ef-
fets décrits ici; ceux~ci peuvent survenir quelle
que soit la posologie et a3 tout moment du
traitement. On doit s'attendre a une réactivité
croisée a l'égard des deux médicaments susdits.
Hormis les symptomes légers (telles une petite
arthralgie ou une éruption fugace), les phéno-
menes décrits ci-dessus indiquent l'arrét du
médicament et le recours a un autre mode de
traitement de l'hyperthvroidie. Rarement, en
présence d’'une vasculite grave, on se trouvera
bien d’une courte corticothérapie a fortes doses.

ureviene derivatives commonly used in the

management of hvperthvroidism. especially
that due to Graves' disease.! These drugs are used
for control of the hyperthvroid state until sponta-
neous remission ‘'occurs or the effects of radioiodine
therapy take place or in the preparation of the
patient for thyroidectomy. Since hyperthyroidism
is a common endocrine problem and no alternative
drug therapy is available, these drugs will continue
tc be used frequentiv bv physicians caring for
these patients.

Recently we observed adverse immunologic
effects in two patients receiving propvithiouracil. A
search of the literature for such cases revealed that
similar adverse efiects have been reported inter-

P ropvithiouracil and methimazole. are thio-
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mutzently dunng the 33 vears that these anuthvraic
drugs have been available. In thus paper we btrefly
describe vur patients and review the nature and
frequency of the various adverse effects reported as
well as current hypotheses as to their cause. Since
isolated agranulocytosis is a well-known adverse
effect of thioureviene drug therapy and has previ-
ously been reviewed,* we emphasize other adverse
immunologic effects that are not as well known.

Illustrati'ée cases
Case 1

A 47-vear-old woman was treated for Graves’
disease in 1983 with prupvithisuracil and radioio-
dine. She was weii untii june 1983, when she
presented with recurrent svmptoms. Her thyroid
hormone levels confirmed the diagnosis of recur-
rent hyperthyroidism, and a thyroid scan showed
diffusely increased uptake of tracer radioactive
iodine. Radioiodine was administered and therapy
with propvlithiouracil restarted. ~ :

Four weeks later the patient returned with a
3-week history of intermittent fever. chills, nausea.
vomtiting, anorexia and tremulousness. She had a
temperature of 40°C. no palpable thyreid tissue.
mild splenomegaly and a purpuric rash over her
buttocks and lower extremities. The serum triiodo-
thyronine level and free thyroxine index were 0.3
(normally 1.5 to 3.4) hmol/L and 17 (normally 51

to 167) respectively. Antithyroglobulin and antimi-

crosomal antibodies were presers. There was mild
anemia but no redculucytosis or spherocytosis. The
direct antiglobulin test gave positive results for
both IgG and C3. The leukocyte count was 0.7
{normally 4.0 to 11.0) X 10%/L, with only 0.4 %
10°/L neutrophils. The plateiet count was 122
{normally 140 to 440) X 10°/L. The partial throm-
boplastin time was elevated, at 63 (control value
32) seconds, and the prothrombin time sligh:-
elevated, at 13.1 (control value 11.2) seconds.
Serum levels of electrolytes, measured urea, creaa-
nine, aspartate aminotransferase, alanine amino-
transferase, lactate dehydrogenase, alkaline phos-
phatase and bilirubin were normal. An assay for

. antinuclear antibcdics gave negative results. Serum

protein electrophoresis showed slight hypergam-
magiobulinemia {y-giobulin level 19 [normaily 9 to

" 18] g/L), with elevation of the IgG fraction. The -

C4 level was 0.1 (normally 0.2 to 0.5) g/L.
Urinalysis gave normal results. A skin biopsy
specimen showed minute perivascular lvmphocytic
infiltrates in the upper dermis, with intact vessel
walls. L

Propyithiouracil therapy was stopped, and
hydrocortisone, 250 mg given intravenously every
6 hours, administered. The symptoms dissipated
over a few days, and the hematologic abnormaii-
ties, rash and splenomegaly resolved over the next
2 weeks. Corticosteroid therapy was rapidly ta-

‘pered off, and the patient has remained well and

become euthyrind without furthe: Jrerapy.

CMA] VOL 136. JANUARY 15. 1987

i

A JSl-vear-old woman was first seen a: our
insatunon in December 1981, Craves' Jdisease had -

previousiy teen Jdiagnosed on the basts of a ditfuse
goitre and abnormal thyroid andices. Propvithi.
ouracil had been prescribed. but the patient had
stopped taking it At the time of referral she was
stll mildly svmptomatic and had an elevated
serum iriiodothyvronine level (4.3 nmol/L). Thera-
py with propylthiouracil, 100 mg taken orally three
times daily, was restarted, with subsequent.im-
provement.

The patient was well untl October 1982,
when arthralgias of the elbows, knees and ankles
developed. along with an erythematous maculopa-
pular rash on her forehead. Propvlthiouracil thera-
py was sropped. The rash resolved promptdly, and
the arthralgias resolved over the next month. The
patient has remained euthyroid and well.

Nature and frequency of adverse effects

Qur two cases demonstrate different hyper-
sensitivity reactions to propylthiouracil. In patient
1 the prominent manifestations were fever, leuko-
penia. purpuric rash and splenomegaly. whereas
patient I nad migratory arthraigias and an erythe-
matous rash. A review of the literature revealed
that over a 35-vear period 53 cases of adverse
immunologic effects associated with antithyroid

. drugs were reported. The reactions occurred at any

age. As expected. given that hyperthyroidism is
predominant in females, more females than males
were affected. Toxic effects occurred at any dosage,
at the first or repeated exposure to the drug and at
any duration of therapy, from days® to several
vears.¥-®

The four most frequently reported manifesta-
‘tions were rash, fever, joint symptoms and granu-
docytopenia (Table I). Rash, seen in 50% of cases,
was generally purpuric or, less frequently, ulcer-
ative. Skin biopsy, when performed, often revealed
vasculitis.%?-12 Fever, reported in almost 50% of
cases, was rarely associated with infection despite
the often associated leukopenia, which indicates
that it is a manifestation of hypersensitivity. Joint
symptoms occurred in 40% and most often consist- .
ed of symmetric involvement of distal joints; half
of these patients had evidence of synovitis.

Granulocytopenia, a weil-recognized adverse
effect of thiourevlene therapy with an incidence
rate in exposed patients of about 4%, occurred in
45% of these cases. However, since in some cases
it was the only symptom, it may not be a manifes-
tation of hypersensitivity but. rather, a direct toxic
effect.” The fact that antithyroid drugs are actively
concentrated by granulocytes is also compatible
with this hypothesis.®® Agranulocytosis (granulo-
cyte count less than 0.25 X 10°/L) occurs in only
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0.3% of treated patients.? This is an idiosyncratic !

reaction of rapid and unpredictable onset. distinct
from the m:oz ~ommon asvmpromatic granulocy-

<2
S
e

e I
!11:

T

Jov—




topenia. In some cases antneutwrophil antibodies
have been identified.'**"-** Furthermore, in some
patients with agranulocytosis, lvmphocyte trans-
formation was induced by exposure of the lympho-
cvtes in culture to autologous serum with antithy-
roid drugs.?® A search for such antibodies in
patients with benign granulocytopenia has not
been carried out. and therefore it is not possible to
state with certainty that benign granulocvtopenia is
secondary to direct drug toxicity. Aplastic anemia
has been assodiated with methimazole therapy,®%
and in one report an inhibitor to colony-forming
units in culture was found in the patient’s serum.®

Other reported laboratory abnormalities in-
clude anemia, thrombocytopenia and polyclonal

‘hypergammaglobulinemia. Many cases of anemia

were not fully investigated. In our patient 1 anemia
was associated with a positive result of a direct

_antigiobulin test. Although there was no specific
evidence of hemolysis in our patient, this manifes- -

tation has been described.!* In one case of throm-
bocytopenia the patient was found to have plate-
let-associated lgG and many megakarvocytes in
the bone marrow, findings indicative of immune-
destructive thrombocytopenia.’> The hypergamma-
globulinemia found in our patient 1 and reported
by others may reflect production of nonspecific,
drug-stimulated polycional antbodies. Interesting-
ly, there have been cases of development of
autoantibodies to marrow precursor cells, insu-
Ln*# or glucagon™ during methimazole therapy.

Circulating immune complexes were demonstrated
in a few cases,”!¢ but their significance is uncertain,
as such complexes have been described in un-
treated thyroid disease.’5-3¢

Vasculitic involvement of organs other than -

the skin was uncommon. However, a fatal case of
periarteritis’ and cases of nephritis,*?" myositis®
and cavitary pulmonary infiltratest have been re-
ported. )

: Hepatitis has also been observed as a compli-
cation of antithyroid drug therapy.'¢-2-+ In some
cases it was the only finding and therefore, as in
cases of granulocytopenia, may be a direct toxic
effect of the drug or its metabolites. However, in
two cases hepatitis developed in conjunction with
other systemic manifestations.!¢!# In one of these!?
and in a case of isolated hepatitis,** lymphocyte
sensitization to propylthiouracil was demonstrated,
which suggests an immunoiogic mechanism.

Hypoprothrombinemia, which occurred in our
patient 1, has been reported in the absence of other
evidence of liver dysfunction.”?-204445 There have
been no reports of circulating anticoagulants. The

. cause of the possible factor deficiency is unknown.

In several cases there was only one manifesta-
tion, which, given the clinical or laboratory evi-
.dence, was probably immunologically mediated.
‘These included aplastic anemia,’* antibodies to
insulin,®-3 antibodies to glucagon,* periarteritis,3”
polvarthritis,?* leukopenia®-# and hepatitis.+*

Most of the toxic effects ascribed to antithy-
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roid drugs are felr on clinical grounds o be
immunologicaily mediated; in some cases nere
. was alse supporrive laboratory evidence ot atnor-
mal humoral or cellular immunologic acmviey
Many of the reactions to propvithiouracit were

considered to be a lupus-like syndrome. However,
- there must be adequate criteria tor 3 true dagnoses

of drug-induced svstemic lupus ervthematosus
(SLE).*» Although antinuclear antibodies were

) present in a few cases {10 of 33), none of the lases,

had adequate criteria for the diagnosis of SLE.¥
Also, the incidence of antinuciear antibodies in a
propvithiouracil-treated patient population was re-
ported to be no greater than that in a control
population.** In contrast to these findings are the
" SLE-like syndromes associated with hydralazine
hvdrochloride and procainamide, in which anunu-
clear antibodies are present in all patients and in a
large number of asvmptomatic patients exposed to
the drug.*® Thus, it is more appropriate to refer to
the side effects of antithyroid drugs as immunolog-
ically mediated than as lupus-like syndromes.
The reactions were characterized by symptoms

and signs that varied widely in severity, ranging

; from . rash and arthraigia (frequeruly seem to
| agranulocytosis and fatal vasculitis (rare). Poten-

tially life-threatening manifestadions were not
heralded by prodromes of milder symptoms and
are therefore not predictable. Therapy with the
drug was stopped in most cases when the tovdc
effects appeared. Rechallenge was not described: it
occurred inadvertently in one case and resuized in
death.’” However, in several cases milder reactions
(e.g.. rash and joint symptoms} resolved despite
continued administration of the drug.!?

Cross-reactivity between antithyroid drugs

Several patients reacted to both propvlthi-
ouracil and methimazole when given a trial of
each.” 10192330 A recent study showed that in some
patients with propylthiouracil-induced agranulocy-
tosis, peripheral blood lymphocytes underwent
transformation in the presence of methimazole or
carbimazole.”® As well, serum from some of these
patients induced neutrophil agglutination in the
presence of thionamide drugs other than propylthi-
ouracil. The observations of both dlinical and
in-vitto  cross-reactivity among these drugs
strengthen the hypothesis that the adverse effects
are immunologically mediated.

Cause of adverse effects

The mechanism of stimulation of andbedy
production and of cellular immunity remains un-
clear. The stimulation of immune responses to
various unrelated autocantigens by antthyroid
drugs is in contrast to the suggested immunosup-
pressive activities of these drugs.’!-> Propyithi-
ouracil has been shown in vitro to suppress lectin-

induced mcorporation of tritiated thymidine into
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antibodies to the recepror tor thyrowd-sumuiating

Jhormoene, . The suppressor activiey of peniphera

blood lymphocytes in panents with Graves’ dis-
gase, which is diminushed., has been shown to
revert toward normal dunng antithyroid drug ther-
apy.’’ However, similar findings have been repor:-
ed in pattents reated with radicodine.™ which
suggests that the hyperthvroid state itself may be
responsible for the immunologic abnormalities.™

The aberrant immune responses described in
this review may be related to the underlying
abnormal immunologic function of patients with
Craves' disease. However. there was an insutfi-
cient number of cases and insufficient detail o
determine whether the risk of drug hvpersensitvi-
tv differed in hyperthyvroidism due to causes other
than Graves’ disease. The mechanism by which
the drugs stimulate the response may involve the
thiol group of the drugs. which permits covalent
bonding to cellular macomolecules. Such a com-
plex with thyroglobulin has been demonstrated.’=
The Jdrug may therefore serve as a hapten and
induce antibody producuon. Such a mechanism
may give rise to single autcantbodies (to insulin,
giucagon. neurophis or mammow precursor el
However. when muitiple autcantigens are targeted
in a given patient. drug modificaton of multiple
macromolecules or of proteins invoived in reguia-
tion of the immune respense would- have to be
postulated.

Alternatively, metaboiites of propylthiouracl
may compete with thymidine tiphosphate as a
substrate and therefore inhibit symthesis of DNAK
If the metabolite is incorporated into DNA, abnor-
malities of regulation of immune function may
occur that ultimately result in the expression of
adverse effects.”!

It is not clear why certain people are susceprti-
ble to these adverse etfects. Similarly. the manites-
tatdon of toxicity in different organ systems indi-
cates heterogeneity of response. Genetic deficien- ..
cdes of drug-metabolizing enzymes have been -
demonstrated by Spielberg®” in patients with ad-
verse reactions to acetaminophen and anticonvui-
sant drugs. It is not known whether such defiden- -
cies are involved in adverse effects of antithyroid -

- drugs. Further investigation of the metabolism of

antithvroid drugs®® and of the associated immunoc-
logic abnormalities should provide insight into this
problem. ‘

Guidelines for management

Despite uncertainty as to the pathogenesis ct
the adverse effects, review of the literature does
provide guidelines to the ciinician for the manage-
ment -of these patients. First, the reactions are
unpredictable and occur at any age, dose and
duration of therapy. Cooper and colleagues®® stud-
ied a ceries of patients with antithyroid drug-
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.classic presenting svmptoms:

induced agranulocytosis and suggested that older
patients and those receiving high doses of me-
thimazole are at greatest risk. However, when
other reactions are considered, such trends are not
apparent. Therefore, awareness of the entity is
necessary for its early recognition. Routine moni-
toring of laboratory values is not helpful. Patients
should be instructed to immediatelv report the
fever. sore throat,
rash and arthralgias. Since rash or arthralgias
without other systemic manifestations may resolve
spontaneously. “continued therapy with close ob-
servation is possibie in such cases. However, if
these svmptoms persist or if more serious manifes-
tations occur, therapy should be stopped immedi-

.ately. Withdrawal of the drug is usually adequate

to reverse the toxic effects.

The benefit of corticosteroid therapy is uncer-
tain, but this treatment is recommended in cases of
- life-threatening or poorly resolving toxic effects.
" We suggest high-dose therapy (1 mg/kg of predni-
sone or an equivalent drug) for the former situation
and more moderate dosages (0.3 mg/kg) for the
latter. These drugs should be rapidly tapered off
once the toxic effects have resolved. In the pres-
ence of agranulocvtosis and fever without an
evident infectious source, broad-spectrum antibiot-
ic therapy would be appropriate until the granulo-
cyte count reaches 1.0 x10*/L.

Because of cross-reactivity, therapy with an-
other thionamide drug is not advisable, and alter-
native forms of management of :he hyperthyroid-
ism should be instituted.

We thank Dr. Jack Wall, for helpful discussion and
review of the manuscript. and Dr. ‘Wilfred Leith. for

SerTssOn 0 Sescmibe s o pauen

References

L. Solomon DH. Anuthyrowd drugs. In WWemer SC, Ingbar SH
teds)y The Thyvrewd. a Fundamenrai and Chnical Text. &th
ed. Har-Row. New York. 1978: 814-321

. Rosove MH: Agranulocytosis and an:
Med 1977 1206: 339-343 .

3. Searie RI', Plymate SR. Troup GM. Familiai thionamide-

induced lupus svndrome n H\'o onizosts [ Rheumaro!
1983 % 40\-10\:

tJ

4. Walzer RA. Einbinder I: Immunoleukopena as an aspect of’

~aa
Kl

“hiperzensinvity o propyithiouraci! *434 1963 18%:
746

5. Cassorla FG. Finegold DN: Parks 'S et al: Vasculius.
pulmonany cavitanon. and anemia dunng anmmrm drug
therapy Arn | Dis Child 1983: 137 113-12

6. Houston BD Crouch ME. Brick IE et 1. -«pparem vascuhs
assograted with propvithiouracil use *4rvhnis Rheum 1979

as denm s
L 8ZF.828

Retdy T1. Upshaw ID. Chesnev T "—*-* cithiouracii-induced

vasculing a 1aialvase South Med 7 18sI TS 120727208

8 Oh BR Oherveid GPIM \1a<~""‘~ I"‘ I"o‘\ar"nn 18
Inguces py prepvithiourac
108
Griavesic WR Mendoza A
assndiated with propyvhhiouracl Gtee 1 Med 1078
343-340

10. Vasiv DB T~.'n:x WB. l"mp\lthm...; .

Vascuitzne JAAMA 1040; 243 45R-3e8

< ey

Woer 3t Vaecubns
12

Jonmes o

snduced cutaneous

~vroid drugs. Mest -

18.

19.

. Humz W,

Verdy M, Pretv H, Cadotte M et ai; Vasculite secondaire
aux antithvroidiens. Union Med Can 1975: 104: 376-579

. Gammeltoft M. Knstensen [K. Propyvlthiouracil-induced

cutaneous vasculins. Acta Derm Venereol (Stockh) 1982;
62: 171-173

Berkman EM. Orlin }B. Wolfsdor{ J: An ann-neutrophil
antibody associated with prop\lthxouraml-mduced lupus-
like c\ndrome Transfusion 1983: 23: 135-138

3. Breese TI, Solomon IL. Granulocyiopenia and hemolvtic

anem:a as complications of propvithiouracil therapy. J
Pediatr 1975; 86: 117-119

. Fewell RA, Engel EF. Zimmerman SL: Acute thrombopenic

purpura associated with administratton of prop\hhxouracxl
JAMA 1950: 143: 891-892

. Takuwa N, Kojima I, Ogata E: Lupus-like syndrome — a

rare complication in thionamide treatment for Graves’
disease. Endocninol Jpn 1981; 28: 663-667

. Amrhein jA, Kenny FM, Ross D: Granulocytopenia, lupus-

like syndrome, and other complications of propyithiouracil
therapy. ] Pediatr 1970; 76: 54~63

«Pacini F, Sridama V, Refetoff S: Mulnple complications of
propylthiouracil treatment: granulocytopenia, eosinophilia,
skin reaction and hepatitis with lymphocyte sensitization. J
Endocrinol Invest 1982: 5: 403-407

Shabtai R, Shapiro MS. Orenstein D et al: The antithvroid
arthritis svndrome reviewed. Arthritis Rheum 1984: 27:
227-229

. Sammon T], Peden VH. Witzieben C et al: Disseminated

intravascular coagulation complicating propyithiouracil
therapy. Clin Pedjatr (Phila) 1971: 10: 739-742

. Wing ES, Asper SP: I’ropylthiouraéil in hyvperthyrowdism.

237

Bull Johns Hopkins Hosp 1952: 90: 201-227

\ vost Cn A C"“"’E" ‘kﬁ' ‘\aloﬂ’wﬂ scﬁmp:.

ed with anmhvrond therapy. / Pediatr 1973; 82: 852-834

. Farbman K. Wheeler MF, Glick SM: Arthritis induced by

antithvroid medication. NY State ] Med 1969: 69: §26-831

. Librik L. Sussman L. Bejar R er al: Thyrotoxicosis and

collagen-like disease in three s:sters of Amencan Indian
extracuon. [ Pediatr 1970: 76: 64-68

. Kurtiz MD: Migratory polvarthnus occurring with me-

thimazole therapy. NY State ] Med 1968; 68: 2810-2811

. wam DCC. Lindsav RH. Accumulation of 2-1C: propyithi-

ouracti 1 human peivmorphonuciear ieukoevies. Biochem
Pharmacoi 1979; ’b "‘89-"’96

Bilezikian SB. Laleli Y. Tsan MF et al: Immunological
reacnions involving leukocvtes: 3. Agranulocytosis induced
by antithyroid drugs. Johns Hopkins Med | 1976; 138: 124-
129

. Weitzman SA. Stossl TP: Drug-induced immunological

neutropenia. Lancet 1978: 1: 1068-1072

. Wall JR, Fang SL. Kuroki T et al: In vitro immunoreactivity

to propvithiouracil. methimazole. and carbimazole in pa-
tients with Graves’ disease: a possible cause of antithyroid
drug induced agranuiocytosis. | Clin Endocrinol Metab
1984; 5% S08-872

. Edell Si. Bartuska DG: Apiastic anemia secondary to

methimazole — case report and review of hematologic side
effects. /] Am Med Wom Assoc 1975; 30: 412-413

. Moreb |, Shemesh O, Shilo S et al: Transient methimazole-

induced bone marrow aplasia: in virro evidence for a-
humoral mechanism of bone marrow suppression. Acta
Haematol (Basel) 1983 69: 127-131

Benson EA. Ho P Wang C et al: Insulin autoimmunity as a
cause of hypoglveemia. Arch intern Med 1984 144. 3331~
2354

Hirata Y: Methimazole and insulin autoimmune syndrome
with hvpoglvcemia. Lancet 1983: 2. 1637-1038

3anike T Konde M. Monvama Y et al: Glucagon tinding:
autoanubadies-in a pattent with hvperthvrowdism treated
with methimazoie [ Clin Endocninol Metab 1983 57 1140-
1143 .
Calder EA, Tenhale Wi, Barnes EW et al. Evadence for
vircuiaung immune complexes in thyroid disease. 8r Medl
1974 20 30-31

CMAJ. VOL. 136. JANUARY 15, 1987 128

[PPSR UG 1211 ST T PO SN R 11r

S ———




' 36 Bronee O Deiespesse G Tebisschor MI et al Circulaung 30 Chen 8. Lang R. fumn Y et & Recurren: agranuiocviosis
immune compiexes :n vanous thyvrowd diseases Clin Exp induced by two different anuthvroid agents. Meg [ Aust ;
; Immuno, (979 30, 379-383 1983. 2. 38-39
I 37 McCormick RV Penartenus occurnng dunng propylthi- 531, Wall JR. Manwar GL. Greenwood DM et al. The in wvitro
ouracij therapy /AMA 1950 144, 1453-1434 suppression of lecun induced ‘H-rthyvmidine incorporaton
38 Marnnez-itopez li. Greenberg SE Kling RR: Drug-induced into DNA of penpheral blood Ivmphocytes after the addi-
! hepanc mry dunng methimazole therapy. Gastroenreroio- non of propvithiouracil. / Clin Endocrinol Metab 1976; 43:
gv 1902 33 34-47 1406- 1409
3¢ Lvingson IH, Livingston ST .-\Efanuiocx tosis and hepato- 52. McGregor AM. Pererson MM. McLachlan SM et al: Car-
. cellular saundice JAMA 1647 135, 422-423 bimazoie and the autoimmune response in Graves® disease.
* 40. Parker L\ Hepatiis and prop_\'hhlouracxl. Ann Intern Med N Engl ] Med 1980. 303: 302-307
1973 §2. 228-229 33. Goldrath N, Shoham J, Bank H et al: Antithyroid drugs and
41. Fedoun MS. Lefer LG Liver disease caused by propyithi- lemphocvte funcuon: 2. The in vivo effect of blastogenesis

ouracii. Arch Inzern Med 1973: 135 319-511
.. 42. Mihas AA. Hoiles P. Koff RS et al. Fulminant hepatitis and
. Ivmphocyte sensiuzanon due to propyithiouracil. Gastroen-

terology 1976: 70. 770-774

43. Reddy CM: Propylthiouracil and hepatitis: 3 case report. /
Nat Med Assoc 1979; 71: 1185-1186
Craddock CG, Shotton D, Crockett CL et al: Severe
hypoprothrombinemia following propylthiouracil treatment
of thyrotoxicosis. N Engl | Med 1951; 244: 549-551
Greenstein RH: Hypoprothrombinemia due to propyithi-
ouracil therapy. JAMA 1960; 173: 1014-1015

46. Tam EM. Cohen AS. Fnies JF et al: The 1982 revised criteria vivo and in vitro. Acta Endocrinol (Copenh) 1975: 79: 248-
for the classificanon of svstemic lupus ervthematosus. 258
Arshinos Rheum 1987 250 1271-1277 537, Sprelberg SP: In wvitro assessment of pharmacogenetc
47 Hess EV Introducnion to drug-related lupus. Arthriis suscepnbility to toxic drug metabolites in humans. Ffad Proc

i Rheum 1981 24 (8% vi-ix

‘ . Ceuna lA. Fishbemn E. Alarcon-Segovia D ‘\mmuclear
antbodes and propvithiouracil 'heram TAMA 1972 22

i - 1012

Hasmon OF Tomimona 17 Drugamaueed uprs deiical and

! sarological studies. Clin Rheum Dis 1982. 8: 121-135

. Chan [YC. Walfish PG. Acnvated (la-) T-lvmphocytes and

. Volpé R: Autoimmune thyroid disease. In Volpé R (ed):

. Kampmann |I. Hansen JM: Clinicai pharmacokinedcs of

. Cooper DS. Goldminz D. Levin AA et al: Agranulocytosis

and suppressor cell activity in Graves' disease. CIm Exp
Immunol 1982:'30: 62-69

their subsets in autoimmune thyvroid disease: analysis by
dual laser flow mucroflucrocytomerry. / Clm Endocrinol
Metab 1986; 62: 403-409

Autoimmumity and Endocrine Disease, Dekker, New York,

1985 109-285

Papapetrou PD, Mothon S, Alexander WD: Binding of
the 335 of 3S-propyithiouracil by follicular. thyrogiobulin in

1984: 43. 2308-2313
anuthvroid drugs Clin Pharm 1981: o: 401-428

25:0C131¢2 WD anithyrog aruge Brrect: of panent age and
drug dose. Ann Intern Med 1983 98: 26-29

- ¥ DAl ANQING Deon

3152008 ..l!‘l’. 2o S33 00 ST

e Atmm

$3,2607 STOM 1R ANt wil” 36 NINTSIRTTC 3
EATS Wil SN 7SR 3@ STIWE ar 208nICY
FMTEIAS & NI T A
FVIQEE £08ME 18 Jeer

- -2ns1es Cardiovascular: Hypoiension may

eI, TEaIhE

N0 CISTITNUING IRV TS
= GNCIO! CSUive ANA lers A reversiie
<25 ~23 LaLn OOSE 20 I 30PONIm ey { 1

{hes oA ane a;xtat':" “3/2 2300 Dear CLSaveC in 300w ale

NG 1.4!.1:11.’ %amau..;s"m -manc ng&mwmemmwmmwmﬁwa‘wm Fiusing 0 0akor nas daen reconeain 0 2 1o 055 o canents

Amﬂﬂaasml'uu‘ Tom o DRIMe Mranans € 50 mo v ot JAPGT Wammucssczs-mm Mm >‘50mcaerua. 70n ot DZNECES LXOLNENCES s ettect Tasemaammxs_»

- 1] n-\mnr nIe I3 ananes i 3nms 1 'h oy 7‘.- o same
sarssinasiz Others:
e faw C3HET!S Dut NC

e

U ;‘“‘

“S "-34‘ pesn nt

U Rl Praast ST hk—xw-- el 8
T 3£ CIESHUNE and Suby SMaw MCIBISAS ¢ INe SAIM OOI3SSIuiT COnCentraton ﬂeoue'\m occuf esoe:nahv n nahem il renax :moa::memsee PRECAUTIONS)
£h 300D SN0 DE ianen one Now Detore meais DOSAGE MUST B2 INDWIDUALIZED Aduits: Hypertension: :nnianon o! Insraoy requxss consigernon of recent
- -q;vauéﬂwﬂhm e szawoaorhsuvemm sakt resmum anoomet CHNCH CHCUMSINCES 1l DOSSIN. GSCONENUE INE 030Nt S DRANOUS AMKVDENENSNE OIUQ MEONTIAN 10f ONE Weex DEN/E
DISESUME NAS N Ddan AT N8 e 07 twe weevs, Ine gose may 0o nIreasec ic 5G mgtic Thedase o’ CAPQTEN
remax- o w mooc sressme nss nm ne-r SNSIATIONN SOTIOLEC et 110 7 weays 3! IS 0O0SE ;aNC IN2 Daen 1S Nt 20y fCeMNG 2 CIUTRUS) 3 Mogdest
et o SSTINYT Ange DS 3y Shouis 26 30080 The Quwrenc S05E T 92 IDCTEZSEG 3 ¢ 1T 2 ween intanals ualil it Mgnes! usLa Gnlavo2nensive 4ose 1S reachied It a patient
f?l Bone 2 Truren: SAPTTIY MM, 300 D INMZIET LG £I058 MeTICa: Supervisian isee WARNINGS anc PRECAGTIONS [Drug inleractions] regarding tvoctansian; wilh 0osage and biraien ot CAPOTEN
(I NTTEC 300ve Ir: savere nypentensior. i fuMiNer DIOOC OESSU® *SQUCKON IS fequured. INe gose May 08 ncreasec I¢ 100 mQLuc . and (hen, ¢ necessary (0 150 MQLiG. whe Continuing the arrelic. The usual cose

252540 15 Mgt & maa ST cam 9258 0 £50 mE SAPGTEN SNOUID N0t De Sxceener FOr Dalients wiirh 38113180 O° 30NN TVDRTIENSION wWNer IEMDOTry GISTONKALANION O CufTen aRLMVOSnENSIVE

T1905H GIOOC DIeTSE 2ve3 3 MOISEED SUBhT ST & DB SINUC 2 QUi JiNe? CONCTUIRR™ 3 W0RN2INTIVE MANICALAr ShOUIS 38 SI000LS
2352 3uLPTelDT Wem 8I35SnAle 2, B SIS S 1NIF 0N the oa 0052 o* LAPTTEN mav 02 inCreasac every 22 0uTS unae’
ot DiG00 mesws 185037SE 12 ODXGNIEQ O e MAAKTM GOSE & FE3CAE 1 TS requmen acion Of 3 MOE DOLent Quutet. &G lurQSAMIOE. M2y 4ISO 2¢ nacaied
oS 2 185S (NN aoove Heart Failure: imation o thermoy roues CONS!

4 &u -493 =4 ::'95 =% ‘—L"" 3~. ";'
Me3nne AR s

;-":' teade T2 .muehwl POy
ks .rsr. T FSC D 23807 Tonwncnor wen CAPCTEN inscny sae PRECAUTIONS - Deug inteachons ut 1he sftacts of (he two Qruge

LB B INTaDh GRS NG DuSialieate OF SVEIE 364, vt ORDINGH 17 DIULILS WD BANES Nl O W DeJO0 DIESSUE: wmraeounvwxmwnmmwmwoemmm

f‘? er asaning sose 62300 T3 MG 110 Mk MinTZe INe Magauuce of Qulion of the nvoorensive efieCt isee WARNINGS (Hvootension]t For tnese Danents (4ranion 1o the usua gawv 00sage-

3 I3 S ST SINeMS N USLE Ml Cath 00Sage 1 22 mptre After 33050e o U MG 1IC 1S 1232120 fuTNer 1NCIE2SAS IR STSAGE SNOUIC DE 021aves where DC3sIe o
- 2 32T TeSORSA 0ZTwe MO DENSOTS Suis0 Nave NaC 2 S3STACION Tuncamorvemen: 3t 50 o WE Mo 1HC A manmum Cauy 0058 of 450 mg o° CAPCTEN s0uiC 1t
7 EILENEC &93' -*v. [ r' D8 5595 1 S3ACHOT Wi & SIS 300 sitave ThemOv must De G LNOE" ven 2158 meica: supervisr Dosage Adjusimant in Renal iImpairment: Because CAPOTER

S BT gy, O 0TS TEES HE aquIes i Zalients will (NGAITEC 1N tunChor TRese DAENS we: 13he 10NQ8’ 10 83CT S0V SIAE CADI00VH 18ve:s aNC wwi (2aCH MUQne- SIeaQy Sizie reverstor &

=23 e nCor ThemIsTe (nese DaENtS Mav rESpONG IC SMaier 3 wss"-'xu-m :

B FORY MAgreREae Rk S A0S ey A 4:-":- 1904 »:rum- a3
: 0 i 5 - Wt MBS NS e geTIeC ML
zap um'-:r: 3er g e I eftective 9052 Whe- 221
& “Gaig ST 1 Meterrsc - 53

2 913

= 42" 23r, J0Se IRgT Dtews W

24,77 130 WINCT € GZSEC 4° INEOTENCA: CONSICARNINS M2y DE LSEN,
203 JuidE MM Q'ug AT o

The i
e T
= 3T

LIASLTUCS: Fhe T

oz Creatinine Clearance Dosage interval
20.ansc AVAILASILITY 4201 -&uaa..:vme:a.sm
a3t s omrsmea TABOTIA 2 A tmb/min/ 1.73 m3) —_— f'.‘."“_’ff_ .
u.z.vd:!‘v- .-;' ety >7% R .
< roans LU 75-35 12-24
. " KRty £ Smgc i3 1 an 'ﬂ""'-e'amq leentplt HET T v 34-20 2443
. --»3"- .“e.. Pmam menqnon Svailabie 1o physicians upon request. : - 158 4472
:D'ng: BEMASS HIS 355 3TI )R ESSE MONTRIAL QUEBED Cnfge T ) “72:108
ADA . D383 5T DI LIESSE. MONTAZAL QUEBEC HAN 2M7- : QS dvn
——— )
CMAL VOL. 136, JANUARY 15, 1987 127
. .

W S ———

- ey e

¥ a
I
|
f
|
i
i
E
|
b
; |
H




